INTRODUCTION
Plant spatial arrangement is determined by plant density and row spacing, and a change in these elements may increase grain yield, without a major impact in production cost (Souza et al. 2010) . Plant density affects intraspecific competition for water, light and nutrients and may alter plant architecture, the use of environmental resources and phytosanitary management (Procópio et al. 2013) . Thus, density adjustment allows yield increments, with rationalization of the cost of seeds, and does not involve the use of new technology .
However, several studies have demonstrated that the soybean (Glycine max L. Merril) plant has high phenotypic plasticity in response to changes in density (Board 2000; Lee et al. 2008; Procópio et al. 2013; Tourino et al. 2002) . Phenotypic plasticity is the ability of plants to alter its morphology and regulate growth and yield components to adapt to different plant population densities (Iowa State Cooperative Extension Service 1994) . In soybean, the main mechanism to compensate for low plant populations is the production of branches, in larger quantities, increasing the number of pods per plant (Procópio et al. 2013) . Nevertheless, most studies conducted on soybean plants density in Brazil used cultivars with vigorous vegetative growth, which differs from most cultivars released in the last decade.
Another management technique for increasing soybean grain yield that has been investigated is mineral nitrogen (N) fertilization. N is required by soybean in the largest quantity, especially after flowering. Approximately 84% of N uptake by soybean is allocated in the grains, resulting in a demand of around 80 kg of N for each tonne of grains produced . N is the constituent of many compounds, including chlorophyll, enzymes, nucleic acids, amino acids and proteins (Marschner 2011) . Thus, increased N uptake by soybean plants may influence the growth, yield and also the oil and protein concentrations in grains, as reported by several authors (Ray et al. 2006; Salvagiotti et al. 2008 Salvagiotti et al. , 2009 Wilson et al. 2014) .
Studies in other countries demonstrated the benefits of mineral N fertilization to increase soybean yield, especially by the increase in the number of pods per plant (Bahry et al. 2013b; Osborne and Riedell 2006; Salvagiotti et al. 2008) . However, several studies have reported that mineral N fertilization is unnecessary under the environmental conditions of Brazil, when inoculation is performed with N-fixing bacteria, and cobalt and molybdenum are supplied through the seeds or leaves (Crispino et al. 2001; Hungria et al. 2006; Mendes et al. 2008 ). Thus, the N needed for soybean growth and production can be supplied by biological N fixation and by the N present in the soil solution (Amado et al. 2010; Hungria et al. 2006) . However, there are few studies on the effects of the interaction between plant density and N fertilization on the yield, yield components and oil and protein concentrations in grains. Therefore, the following questions arise on the possible interaction between soybean plant density and mineral N fertilization: (1) At low plant density of soybean, may N fertilization favor the growth, in order to maximize the use of environmental resources, resulting in yield gains? (2) On the other hand, may N fertilization increase grain yield at high plant density, when there is higher plant demand for N at the initial development stages?
The present study aimed to assess the effect of mineral N on soybean, at different plant densities, on yield, yield components and oil and protein concentrations in the grains.
MATERIAL AND METHODS
The experiments were conducted in Londrina, Paraná (lat 23°19′21″S, long 51°20′46″W, altitude of 620 m) during the 2013/2014 and 2014/2015 growing seasons, in the same area. The climate in the region is classified as humid subtropical, Cfa, according to the Köppen climate classification. The average values of air temperature and rainfall during the experiments are shown in Figure 1 .
The soil in the experimental area is classified as Latossolo Vermelho distroférrico, according to the Brazilian classification system (Embrapa 2013), or Typic Haplustox, according to the USA taxonomy. The soil has been cultivated under a no-tillage system for 15 years, using soybean or corn The residues of wheat and black oats were mechanically managed using a straw crusher, without soil mobilization, 30 days prior to soybean sowing. The remaining plants in the area were chemically desiccated with glyphosate (1,080 g•ha -1 ) and carfentrazone-ethyl (30 g•ha -1 ), 15 days before sowing, in the two growing seasons.
The experimental design was a randomized complete block, with six replications, where the treatments were assigned on a split-plot scheme. Four sowing densities (150, 300, 440 and 560 thousand viable seeds•ha of simple superphosphate (18% of total P 2 O 5 and 8% of S) and 250 kg•ha -1 of potassium chloride (60% of K 2 O), both applied ten days before sowing.
The sowing was performed on October 23, 2013 and October 28, 2014, using a tractor seeder with cutting discs, furrowers of lagged double disc for seed deposition and seed dispenser that employ horizontal perforated discs, operating at an average speed of 5 km•h The yield data were corrected to 13% moisture and expressed in kg•ha -1 . Ten plants were collected in the central part of each subplot to assess the number of pods per plant from the stem and branches, the number of grains per pod from the stem and branches, the 1,000-grain weight from the stem and branches and the percentage of grain yield from the branches. In the 2014/2015 growing season, the apparent harvest index (HI) was also assessed. The HI was estimated by the following equation: dry grain mass/(dry grain mass + dry mass of soybean straw) (Hay 1995) .
The oil and protein concentrations in the samples were determined from intact soybean grains by Near Infrared Reflectance Spectroscopy (NIR), according to Heil (2010) . Readings were taken from whole and clean grains of each sample using Thermo Antaris II NIR analyzer, fitted with an integrating sphere with a resolution of 4 cm -1 , average of 32 scans and background at each scan.
The response variables were analyzed using the analysis of variance model: sowing density, i = 150, 300, 440, and 560 thousand viable seeds•ha -1 ; B j is the effect of the block, j = 1, … 6; (DB) ij is the effect of the block density interaction, the error in the plot (a); N k is the effect of the k-th N level, k = 0 or 45 kg•ha -1 ; (DN) ik is the effect of interaction between density i and N level k; e ijk is the effect of error in the subplot level, e ijk ~ Normal(0, σ e 2 ). In the absence of a significant effect in the interaction factor DN according to the F-test (p ≥ 0.05), the simple effect of N on the corresponding characteristic was assessed by the significance level of the F-test on the factor N, and the effect of sowing density was modeled by polynomial regression analysis. Analyses were performed using the Sisvar program (Ferreira 2008 ).
RESULTS AND DISCUSSION
There was no significant effect (F-test, p < 0.05) for the interaction between sowing density and N levels, for all investigated characteristics in both years. Thus, the data of plant density and N fertilization were presented separately (Tables 1 to 4 . At the lowest densities, yield was probably limited by the lower use of environmental resources by the plant community -water, light and nutrients, especially at the beginning of the development cycle. Kuss et al. (2008) also reported decrease in grain yield when plant density was reduced from 400 thousand to 250 thousand plants•ha -1 . On the other hand, in the present research, with a higher plant density, the yield was limited by intraspecific competition.
In the 2014/2015 growing season, the yield was not influenced by plant density ( Table 2 ). The maintenance of yield, despite the widely varying densities (105 to 430 thousand plants•ha -1 ), is likely a consequence of the high phenotypic plasticity of the soybean crop, as reported by several authors (Board 2000; Procópio et al. 2013; Rambo et al. 2004; Tourino et al. 2002) . According to Peixoto et al. (2000) , a reduction in the number of soybean plants per area is generally offset by an increment in the number of pods per plant. The grain yield observed in 2014/2015 was substantially higher than in 2013/2014, particularly because of more regular rainfall during the grain-filling period (Figure 1) . The more uniform distribution of rainfall during the 2014/2015
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Yield ( There was a decrease in the number of pods per plant from the branches or stem, with increased density, in the two growing seasons (Tables 1,2 ). These findings are corroborated by Kuss et al. (2008) and Peixoto et al. (2000) , who reported a higher number of pods per plant at lower densities. According to Heiffig et al. (2005) , the number of pods per plant is the yield component most affected by plant density, being inversely correlated to the number of plants per area. There was a decrease of 0.15 and 0.16 pods per plant from the branches with an increase of one thousand plants . This demonstrates that plant density affects more strongly the production of pods in the branches compared to the stem.
The number of grains per pod in the stem and branches was not influenced by plant density in the first growing season ( Table 1 ). The number of grains per pod is the least yield component affected by the environment, being rather strongly influenced by the genotype (Iowa State Cooperative Extension Service 1994). However, in the 2014/2015 growing season, an increase in plant density linearly reduced the number of grains per pod, both in the stem and branches (Table 2) . Rambo et al. (2004) also observed a linear reduction in this variable as a result of increase in soybean plant density. In this context, the reduction of resources availability for each plant may limit the grain filling, resulting in fewer grains per pod.
A decrease of 0.00143 and 0.00035 grains per pod in the branches and in the stem, respectively, was observed, for thousand plants•ha -1 increase in plant density. That is, the impact of increased density on the reduction in the number of grains per pod was four times higher in the branches than in the stem. Therefore, the demand for photoassimilates in the pods from the stem was higher than in the pods from the branches. Procópio et al. (2013) also reported that increased density had higher effect on the number of grains per pod in the branches than in the stem in a cultivar with indeterminate growth type. However, this behavior was not observed in the 2013/2014 growing season, since the same number of grains per pod was observed in the branches and stem (1.98) (Table 1) , which was lower than the mean observed in the 2014/2015 growing season (2.28) . This was probably caused by the significant water deficit experienced during the grain-filling period which occurred from the 2013/2014 -second ten-day period of January to the second *Means followed by the same letter in the rows are not significantly different by the F-test, with 1% ≤ p ≤ 5%. Thousand grain weight from the branches (g) 171.4 a 169.3 a 6.5
Thousand grain weight from the stem (g) 172.9 a 172.6 a 4.8
Percentage ten-day period of February (Figure 1 ), which probably led to greater competition between stem and branches, limiting the formation of grains, mainly in the branches. In this way, the compensatory response to the reduced number of plants with an increase in the number of grains per pod was likely limited by the water deficit experienced in the 2013/2014 growing season. The increase in plant density produced a significant linear increment in grain weight from the stem, as indicated in the characteristic thousand grain weight from the stem (Table 1) . Under the same environmental conditions for the agricultural year 2013/2014, the sowing density had no significant relationship with the thousand grain weight from the branches. In contrast, for the 2014/2015 season, the thousand grain weight from the branches had a positive significant relationship with the sowing density, whereas the thousand grain weight from the stem had no significant linear relationship with the sowing density ( Table 2) . Kuss et al. (2008) also reported an increase in grain weight with a density of 400 thousand plants•ha , particularly under non-irrigated field conditions. According to the authors, an increased plant density leads to more efficient root system development, increasing water adsorption capacity in deeper soil layers, allowing for a more appropriate supply of water to plants during the grain-filling period. Additionally, the leaf area index in the grain-filling period is similar for a wide range of plant densities (Procópio et al. 2014) , leading to similar evapotranspiration rates.
The percentage of grain yield obtained from branches was linearly reduced with increased plant density in the two growing seasons (Tables 1,2 ). There was a reduction of 0.17 and 0.18% in the contribution of branches for the production of grains in the 2013/2014 and 2014/2015, respectively, for every increment of one thousand plants•ha -1 (Tables 1,2 ). This effect was expected because of intraspecific competition that results in fewer and smaller branches (Procópio et al. 2013; Suhre et al. 2014) .
The HI showed a linear decrease in response to sowing density (Table 1) , indicating lower allocation of photoassimilates into the grains in relation to the other plant structures. Procópio et al. (2013) also reported a reduction of 5% in HI in response to an increase in density from 375 to 562.5 thousand seeds•ha -1 . According to Hay (1995) , the values of HI for most intensively-cultivated grain crops fall within the range from 0.4 to 0.6, and the values are dependent on genetic and environmental characteristics, such as plant density.
In both growing seasons, oil and protein concentrations in soybean grains were not affected by experimental factors (Tables 1 to 4) , indicating that these variables were not significantly influenced by intraspecific competition, despite the large range of densities considered. According to Bellaloui et al. (2015) , an increment of plant density promoted an increase in the protein concentration of soybean grains, which was not observed in the present study. In the same way, Boroomandam et al. (2009) The use of mineral N did not influence grain yield in the two growing seasons (Tables 3,4 ). This demonstrates that N fertilization does not result in agricultural benefits for soybean, even considering different plant densities under the no-tillage system. Research conducted in several environments demonstrated that biological N fixation associated to N from mineralization of organic matter was sufficient to supply the N required by soybean, making mineral N fertilization unnecessary (Hungria et al. 2006) . Therefore, mineral N fertilization does not increase yield, irrespectively of plant density.
In the 2013/2014 growing season, N fertilization increased the number of pods per plant from the stem and reduced the number of pods per plant from the branches (Table 3) . However, in the 2014/2015 growing season, there was no difference in the number of pods per plant from the stem or branches with or without N fertilization (Table 4 ). The number of grains per pod was not affected by N fertilization (Tables 3,4 ). In the same way, Santos Neto et al. (2013) did not report any effect of mineral N (up to 90 kg) on this yield component. In addition, Bahry et al. (2013b) and Silva et al. (2011) did not observe any effect of mineral N fertilization on the number of grains per pod. According to the authors, this result was due to the limited influence of the environment on this component. Bahry et al. (2013a) evaluated the effect of doses from 0 to 120 kg N•ha -1 on soybean plants and did not report any effect of mineral N fertilization on the thousand grain weight from the stem or branches, as in the present study (Tables 3 and 4 ). In the same way, Silva et al. (2011) did not report effects of mineral N fertilization on the soybean grain mass using doses up to 40 kg N•ha -1 . In the present study, biological N fixation, associated to the available N in soil solution, was effective to provide the N levels required by the crop.
The HI was not affected by the application of mineral N in the 2014/2015 growing season. Thus, N fertilization did not favor the allocation of photoassimilates into the grains in relation to the other vegetative structures. It is important to point out that there are few studies on the effect of soybean N fertilization on the HI.
The N fertilization reduced significantly the percentage of grain yield from branches, from approximately 27% (without N) to 22% (with N) in the 2013/2014 growing season (Table 3 ). This reduction indicates that the application of N increased the dominance of grain production in the stems over the branches. However, in the 2014/2015 growing season, the percentage of grain production from the branches was not influenced by N fertilization (Table 4 ). This demonstrates that the effect of N on the yield from the stem or branches is dependent on other environmental conditions.
CONCLUSION
No interaction was observed between soybean plant density and the application of mineral N on yield, yield components and oil and protein concentrations in soybean grains.
An increase in plant population reduced the number of pods per plant and the contribution of branches to the grain yield, independently of N fertilization, but the effects on yield differed among the growing seasons.
Under the current soil fertility, environmental conditions and cultivars evaluated, the mineral N fertilization did not increase yield and protein and oil concentrations in the grains, thus it was unnecessary, independently of plant density.
